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Conversion of biobased platform chemical levulinic acid into value-added 
chemicals has attracted great attention. Recently, as an important pathway, reductive 
amination of levulinic acid to high value-added products has become a hot pot. In this 
thesis, new systems of reductive amination of levulinic acid without catalysts were 
created and directly reductive amination of levulinic acid to new chain amino acid 4-
dimethylamine pentanoic acid and cyclic 5-methyl-2-pyrrolidone were investigated. 
Firstly, using DMF as sources of amine, directly reductive amination of levulinic 
acid to new amino acid product 4-dimethylamine pentanoic acid (4-DAPA) without 
catalyst was investigated. According to the experimental results, best yield of product 
was 55.3% and obtained when reaction was operated under 200℃for 4h. However, it 
induced side reactions, yielded more byproducts and fewer target product with higher 
reaction temperature, longer residence time, higher content of water or oxygen 
existence. Higher acidity of system could inhibit DMF decomposition, lead formation 
of ammonium salt and weaken amine nucleophilicity with carbonyl group. In contrast, 
lower acidity also reduced nucleophilic reactions, which resulted lower yield of 4-
DAPA and lower conversion of LA. Proposed mechanism of this reaction was: firstly, 
DMF decomposed to form dimethylamine and formic acid; secondly, dimethylamine 
attacked carbonyl group of levulinic acid to form imine; at last, imine was reduced by 
transfer hydrogen from formic acid to form target product 4-DAPA. 
Secondly, directly reductive amination of levulinic acid to 5-methyl-2-pyrrolidone 
(5-MeP) under normal atmosphere without catalyst was investigated. In this system, 
ammonium formate was used as both sources of amine and hydrogen. Increasing 
reaction temperature and prolonging residence time were beneficial for improving yield 
of 5-MeP and yield was 40.3% when reaction was operated under 130℃ for 8h. 
Acidity of the system played a key role for 5-MeP synthesis as well. On one hand, 
















hand, excessive formic acid could also induce protonation of amine, which inhibited its 
nucleophilic attack with carbonyl group. There were two proposed mechanisms of this 
reaction. In common, initial process of both pathways was ammonium formate 
decomposition and γ-imino pentanoic acid formation, which derived from ammonia 
nucleophilic attack with carbonyl group. Then two pathways parted to different ways: 
on one way, γ-imino pentanoic acid was firstly reduced by transfer hydrogen of formic 
acid to form γ-amine pentanoic acid and then γ-amine pentanoic acid transformed to 5-
methyl-2-pyrrolidone by dehydration cyclization; on the other way, γ-imino pentanoic 
acid firstly transformed to cyclic 5-methyl-3,4-2H-2-povidone by dehydration 
cyclization and then cyclic 5-methyl-3,4-2H-2-povidone was reduced by transfer 
hydrogen of formic acid to form target product 5-methyl-2-pyrrolidone. According to 
analysis and proposed mechanism, the rate-determining step of this process was 
reduction of imine. Polar aprotic solvents, such as DMF, DMSO and DMAC could 
improve yield of 5-MeP efficiently and levulinic acid derivatives, such as methyl 
levulinate and α-angelica lactone, were also considered as suitable substrates for this 
system to yield 5-methyl-2-pyrrolidone. 
Above all, directly reductive amination of biobased levulinic acid with DMF or 
ammonium formate to new chain amino acid 4-dimethylamine pentanoic acid and 5-
methyl-2-pyrrolidone without catalysts were investigated, which enriched reductive 
amination of levulinic acid to synthesize more amination derivatives. 
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身，可持续的碳循环使得其对环境实现了零 CO2 排放[13, 14]。中国已制定碳减排目














图 1.1 生物质转化的主要途径 
Fig.1.1 The main pathways for conversion of biomass 




























图 1.2 合成生物质基化学品与燃料途径[24] 
Fig.1.2 Research approaches for biobased fuels and chemicals 
同时，Bozell 和 Peterson 在 2004 年美国能源部提出的 Top10 生物基化学品
































油、松节油、四氯化碳等[27, 28]，其具体物性参数见表 1.1。 
表 1.1 LA 的物理性质 




































进行稀硫酸催化水解，反应流程如图 1.4 所示。首先，在 215-230℃、1.5%-3.5%
稀硫酸的条件下反应 13.5-16s，将原料中的纤维素和半纤维素分解为己糖单体、
戊糖单体和低聚物，之后进一步水解为糠醛和 5-羟甲基糠醛；然后将水解产物导
入到第二个反应器，在 200-210℃条件下继续水解 20-30 min，使 5-羟甲基糠醛进
一步脱水生成乙酰丙酸和甲酸。该工艺乙酰丙酸的得率达到 60%-70%，具备了
产业化应用的条件。Darryn W. Rackemann 等[28]综述了由固体酸催化剂催化制备
乙酰丙酸的工艺方法，由酸性树脂或者 LZY 分子筛均需要在较低温度下反应超




图 1.3 由木质纤维素制备乙酰丙酸的路径 
Fig.1.3 Process for LA production from lignocellulose 
 
图 1.4 BioMetics 公司制备乙酰丙酸的连续工艺 















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
